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(71) We, I MPERI AL CHEMICAL 
INDUSTRIES LIMITED, Imperial Chemi- 
cal House, Millbank, London, SWIP 3JF, a 
Bzitish Company, do hereby declare the 
invention, for ^ch we pray tbat a patent 
may be granted to u% and the method by 
which it is to be performed, to be particularly 
described in and by die following statement: — 

This invention relates to photopolymeris- 
able compositions comprising one or more 
materials, which may be monomeric or poly- 
meric, whidi can be polymerised or cured 
by treamient with adds. Such materials are 
commonly referred to, and are referred to 
herein, as add-polymerisable or add-curable 
materials and examples of suitable materials 
are qx>zide monomers, episulidiide mono- 
mers, polyepoxides or eposy resins, poly- 
episulphides or episulphide ttma, phenol/ 
fbnnaldehyde resins^ melamine/formaldefayde 
resins, urea/formaldebyde resins, cyclic ediers 
and thio-etners (other than epoxides and epi- 
sulphides) and polymers thereof, lactones, 
styrene, vinyl edim and thio-ediers and resins 
which contain a cross-linking agent to cross- 
link or cure die resin when treated with add. 
The invention relates in particular to com- 
positions comprising one or more add-poly- 
merisable or add-curable materials and at 
least one photosensitiser which initiates poly- 
merisation or curing of die composition wbeo 
the ccnnpositian is eiposed to radiation of 
suitable wavelength. 

It is well known that add-curable resins 
sudi as phenol resins and "w'^tk * resins 
be cured by irradiation with uhm-violei^ 
actinic or electromagnetic radiation in the 
presence of a compound which generates an 
add (which term indudes Lewis adds) when 
exposed to ultra-violet radiation. Examples of 
compounds which have been proposed for use 
in such compositions are haiogen-containing 
compounds, for example bromoform, carbon 
tetrabromide, hexabromoethane, 2,5-cUmetbyl- 
(D - tribromo - acetophenone, 2,2,2 - tri- 
chloro - 4' - tertiarybutyl acetophenone, 
halomethylated benzophenones, a-mei^yloi 
benzoin . sulphonic . add esters and nyl 
diazom'um salts of metal halogem'dea. 



It is also well known that epoxy resins 50 
can be cured by irradiation in the presence 
of a substance which genemtes a Lewis add 
when exposed to suitable radiation. Substances 
whidi have been proposed for use in epoxy 
materials indude transition metal carbonyk 55 
and <r,/9-unsaturated nitrosamines as well as 
o-methylol benzoin sulphonic acid esters and 
aryl diazonium salts of metal halogenides 
•mentioned above. The aryl diazonium salts 
of metal halogenides have also been proposed 60 
for polymerisation of epoxide monomers. 

llie photosensitive substances proposed 
hi±erto for incomration in add-polymeris- 
able or add-curable materiab are activated to 
release an add upon exposure to ultraviolet 65 
or dectromagnctic radiation or actinic radia- 
tion comprising a high proportion of ultra- 
violet radiation. However, die conqpositions 
proposed hitherto have not pnnned satis- 
factoxy. Transition metal caibonyls are tmdc 70 
and slow acting and their use is undesirable, 
or^-unsaturated nitrosamines are caxcenogcnic 
and slow acting. Use of aiyi dwaonium ssdts 
of metal halogenides results in compositions 
which polymerise rapidly and which are sub- 75 
ject to premature gelation and cannot be 
stored satisfaaorily for any length of time 
even in the dark. It has been proposed to 
incorporate stabilizers or gelation inhibitozs 
into epoxy materials containing aryl diazonium gQ 
salts of metal halogenides in ordier to udiibit 
premature gdation of die oompositions and 
confer storage ability in die dark; this 
increases the cost of the compositions and 
moreover does not yidd entirdy satisfactory 55 
results even under carefully controlled storage 
conditions. Moreover the aryl diazonium salts 
generate nitrogen gas when the compoHtion 
is iixadiated and & resulting cured material 
may contain undesirable gas bubbles. 90 

We have now found &it incorporation of 
iodonium salts into acid-polymerisable and/, 
or add-curable materials provides photopoly- 
merisable compositions which overcome tne 
disadvantages of tb compositions proposed 95 
hitherto. Tlius, for example, compositions con- 
taining the iodinium salts can be stored for 
prolonged periods in the dark without notice? 
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able gelation ccurring and the need to pro- The anion X** in the iodonium salt may fio 

vide gelation inhibitors is obviated. be, for example, a halogen-containing com- 

According to the present invention, there is plex ion selected from ClO^- and metal or 

provided a photopolymerisable composition non-metal halogenides. The metal halogenide 

5 comprising at least one add-polymerisable or may be, for example, a polyhaiide of boron, 

add-cuzable material and as photosensidser antimony, tin, phosphorus, arsenic, bismuth 65 

at least one iodonium salt of formula or iron. Examples of suitable anions are tetra* 

fluoroborate III (BF*"), hexachloroanti* 
monate V (SbCl^^-), hexafluoroantimonate V 

^ n\ (SbFe"), hexachlorostannate IV (Sna. — ), 

hexafluorophosphatc (PF,-), hexafluoro- 70 
arsenate (AsFe-^), tetzachloroferrate III 
fFeCU~) and pentachlorobismutfaate III 

wherein n is 1 or 2, Ri and which may (KC1«"7)- 

10 be the same or difFerent, each is a hydrogen lodonitmi salts containing the anions 

or halogen atom, a nitro group or a hydro- described above, Le. the perchlorate ion or 75 

carbon or substituted hydrocarbon group or metal halogenide ions, are suitable for poly* 

heterocydic group, and X"^ is an anion merising or curing all types of acid-poly- 

derived from an add which is capable of nierisable or add-curable materials. The 

IS polymerising or curing the add*poIymerisabIe invention is not restricted, however, to use 

or add-curable materiaL iodonium salts containing these anions but go 

Upon exposure of the photopolymerisable mdudes use of iodonium salts which are 

composition to radiation of suitable wave- capable of polymerising or curing some add- 

lenguiy the pbotosensitiser is activated to yidd polymerisable or add-curable materials but 

20 a catalyst species capable of polymerising or ^} others. For example, iodonium salts con- 

curmg the composition to yield a polymeric taininj; halide anions are capable of poly- 85 

matenal, and according to a furtlier aspect merising or curing urea/fonnaldehyde resins 

of the present invention diere is provided a mdamine/fbrmaldehyde resins but may 

process for the preparation of a polymeric satisfaaonly polymerise or cure epoxy 

25 material which comprises subjecting a photo- rains and episulphide resins. The ability of 

polymerisable composidon as described m the ^ pardcuhr iodonium salt to polymerise or 90 

xmmediatdy preceding paragraph to radiation cure a material depends the nudeo- 

of wavdengdi siich as to activate the photo- philidty of its anion; salts containing strongly 

sensitiser and potymerise or cute the mideophilic anions which readily form co- 

30« com>osition. valent bonds widi carbon atoms to yidd stable 

lie radiation may be ultraviolet or dectron ccrapounds, for example halide ions, in general 95 

beam radiation or radiation which includes polymerise or cure urea/formaldehyde 

wavdengths in both the visible and the ultra^ melamine/fotmaldehyde resins but will 

violet regions of die spectrum. The wave- polymerise or cure epoxy resins and epi- 

35 lengdi of die radiation suitably may be in sulphide resins. Examples of other anions of 

die range from 200 microns to 600 microns. ^ ^ Cr,CO<>-, SOJ?-, ArSOs*- 100 

We prefer to employ radiation of wavefeogth (where Ar is an aromatic gro«^ e.g. the 

in die range from 200 microns to 400 microns. MOs^ asd die picrate 

Sunlight may be used as die radiation ^* ^c do not ezdade the possibility that 

40 flithft"^ tile optimum wave lengdi of die of these anions will provide iodonium 

radia^m for any parricnhr composition will ^ch will also cure qjoxy resins. The 105 

d^end vsfon die particular photosensitiser ^hility^ of a particular iodonhim salt to cure 

employed in that oompositioxL The optimum ^ particular material depends upon the ability 

wavdength in any particular case is easily ^ ^ corresponding proton add, Le. thie 

45 determined by simple experiment, for example proton add containing die same amon as the 

by detennining the electronic absorption iodonium salt, to cure diat materiaL If the 

spectrum <rf the photosensitiser. proton add polymerises or cures the material. 

In die iodonium salts of formula I the then the iodonium salt containing the same 

groups R and Ri may be, for example, anion also will be capable of polymerising or 

50 hydrogen, halogen, nitro, alkyl, cydo-alkyl, curing the materiaL Thus the suitability of a 

aryl, alkaryl or aralkyl groups or substituted {particular iodonium salt for use with a par- US 

derivatives diereof. Examples of substiments ticular add-polymerisable or add-curable 

which may be present are halogen, alkoxy, material is readily deterouned simply by mnc- 

— COOR, — COR, — NOt, — ^NO, --0H and ing the- corresponding proton add widi die 

55 -<-SH. In the case where one or both of the material. 

groups R and Rt in the iodonium salt is an The iodonium salts used in this invention 120 

alkyl or substituted alkyl group, it may con- are normally solids at ordinaiy temperatures 

tain from 1 t 20 carbon amms^' prmtably and they are uaially incorporated in tiie add- 

froxn 2 to- 6 carbon atoins. polymerisable or aqid-curable material in die 
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fonn of a soludon in an inert liquid diluent, 
that is a liquid diluent which is chemically 
inen towards the ingredients of the com- 
position. Any inert liquid diluent in which 
5 the iodonium salt is suificiendy soluble may 
be used, and examples of suitable diluents 
are halogenated hydrocarbons, e.g. methylene 
chloride, ketones, e.g. acetone, and alcohols, 
e.g. ethanol. We prefer to employ a liquid 

10 (Uluent of low boiling point, e.g. below 
150^C, in order to facilitate removal of the 
diluent from the composition. The amoimt 
of the diluent used is not critical but prefer- 
ably is )ust sufficient to dissolve the appto- 

15 priate amount of the iodonium salt After 
incoiporation of the iodonium salt in the com- 
position, the diluent may be removed, if 
desired, before the composition is irradiated. 
Remoiml of die dihient prior to irradiating 

20 the composition may be desirable m cases 
where the diluent is a solvent for the acid- 
polymerisable or add-curable material. In the 
case where the material is, or contains, a 
monomer, die iodonium salt may be soluble 

25 in the material and a diluent may not be 
required. 

The amount of the iodonium salt is not 
critical but will usually be from 0.01% to 
10.0%j and preferably from 0.5% to 5.0% 

30 by wdgjit based on the weight of acid- 
polymerisable and/or add-curable material in 
the composition. In general increasing the 
amount of the iodonium salt results in an 
increase in the rate of polymerisation or 

35 curing achieved although in practice there is 
little point in using an amoimt of greater 
than 10% by weight The iodonium salt pre- 
ferably shoidd be soluble in the resin into 
which it is incorporated and the solubility of 

40 a particular iodom'um salt in die resin may 
limit the amount of that salt which can be 
incorporated The polymerisadon or curing 
reaction initiated by irradiating the composi- 
tion is exothermic and use of too large an 

45 amount of the iodonium salt may result in a 
voy rapid rise in temperature and loss of 
control over tbe reaction conditions. Tbe 
optimmn amount of the iodonium salt wiU 
usually be about 3% to 5% by wdg^t but 

50 will depend mxm the particular salt and 
add-polymerisanle or add-curable material 
employ^ and the radiation source, and can 
be . determined by simple experiment 
In general, polymerisadon or curing of tbe 

55 composidon proceeds readily when the com- 
position is irradiated at ambient temperature 
although the reaction is exothermic and may 
be accompanied by a rise in temperature of 
tfab composition. The rate of polymerisation or 

60. curing in general is increased by irradiating 
.the composition at an elevated temperature. 

Any add-polymerisable or acid-curable 
material may be employed in the present 
invention. 'Mixtures, of acid-polymerisable 

65 and/or add-cyrable materials may be 



employed, as also may mixtures of one or 
more acid-polymerisable or add-curable 
materials and resins which are not acid- 
curable, for example alkyd resins. Materials 
containing acid-polymerisable cyclic groups 70 
may be employed, notably cydic ethers for 
example lactones and acrolein tetramer and 
especially epoxides and episulphldes, and 
polymera thereof containing polymerisable 
cyclic groups. Epoxides and episulphides con- 75 
taining from 2 to 20 carbon atoms are suit- 
able, for example ethylene oxide, ediylene sul- 
phide, propylene oxide and propylene sul- 
phide, -as also are compounds containing two 
or more epoxide or episulphide groups. Epoxy 80 
and episulphide resins may be used, for 
example the epoxy resins commonly known as 
"Araldite" (Registered Trade Mark) epoxy 
resins. Other add-curable resins which may 
be used include phenolic resins, for example * 85 
phenol/formaldehyde resins, aminoplastics for 
example urea/formaldehyde and mdamine/ 
formaldehyde resins, methylol compounds, 
methylol ethers of polycarboxylic add 
amides, for example derivatives of poly- 90 
acrylic and polymethacrylic acid amides, alkyd 
resins containing urethane groups and resins 
containing carbonic acid esters of N-methyld- 
amides. Acid-polymerisable or add-curable 
ethylenically unsaturated materials may also 95 
be used, for example styrenci vinyl carbozole, 
vinyl ethers and diketene (which is both 
ethylem*cally unsaturated and a lactone). 
Resinous materials containing cross-linking 
agents which can be cured by acids are IOC 
included. 

The compositions of the invention may be 
used in any of the applications for which 
add-curable resin compositions are normally 
employed, provided that, if the composition 105 
is to be polymerised or cured in sttu^ irradia- 
tion of die composition is possible. Thus the 
compositions may be used, for example, for 
forming surface coatingis on a variety of sob- 
smxes, e«g. wood, fspcr, mask end textiles^ 110 
and in prmting- inks. They may be used as 
adbesives in ai)plications where they can be 
subjected in situ to radiatiouj for example 
in the formation of laminates wherein one or 
both of die lamina is permeable to radiation, 115 
e.g. glass lamina and some plastics lamina. 
The compositions have the property that only 
those regions contacted by radiation are poly- 
merised or cured so that they may be used 
for example in the production of decorative 120 
articles having a contoured surface by expos- 
ing parts of ±e surface to radiation to cure 
those parts and subsequendy removing un- 
cured material from the surface. Thus they 
may be used, for example in the production 125 
of printing plates and printed circuits. The 
c mpositions of tbe invention may contain 
foaming agents and they may be foamed prior 
to irradiating them so that subsequendy irra- 
diating them cures or sets the foam. 130 
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When a resin composition according to the 
invention is irradiated, polymerisation or cur- 
ing commences at the exposed surface and 
spreads inwardly. The depth of cure achieved 

5 is limited by the depth of penetration of the 
composition by the radiation. This property 
can be utilised in the production of skinned 
materials such as skinned foams. Thus for 
example a f oamable resin campositton may be 

10 irradiated prior to foaming to form a thin 
surface layer of cured matoial which is non- 
foamable and the remainder of the composx- 
Don may then be foamed to yield a foam 
having an integral skin. One or more suifeces 

15 of the composition may be skinned in this 
way. Foams having contoured skinned sur- 
faces may be produced 

The compositions of the invention may 
contain inert fillers and pigments provided 

20 these do not prevent penetradon of ±e com- 
position by the radiatioa used to activate the 
iodonium salt. If desured, the composition 
may contain one or more additional photo- 
sensitiserss for example to render the com- 

25 position activatable 1^ radiation which would 
not activate the iodonium salt in the absence 
of die additional pbotosensitiser. 

The invention is illustrated bat in no way 
limited by tiie following examples. 



30 Example 1. 

03 , g of dipbeny] iodonium tetrafluoro- 
borate was dissolved m a few ml of acetone 
and the solution was mix^ mto 9.7 g of 
an epoxy tesin available as Aialdhe MY753 

35 epoxy resin from Ciba-Geigy. The mixture 
was painted on a steel plate and left to stand 
for 10 minutes to allow the acetone to eva- 
porate, and tixen the coated plate was exposed 
to radiation from two 2 kw ^^Pbillipsi" (Rt^is- 

40 teted Trade Marie) HTQ7 lamp t^bcs, known 
as the HFQ li^t printing Imp^ placed at 
a distance of 8 indies from the pkte. The 
spectral energy output of the lamp, expressed 



as wavelength in mji (energy %) was 248 
(1.7), 254--8 (3.5),. 265 (3.7), 270 (0.7), 45 
275 (0.7), 2?0 (1.7), 289 (1.0), 2.97 (3.0) 
302 (4.7), 313 (12.1), 334 (1.4), 366 (20.6), 
405 (6.1), 436 (12.4), 492 (0.7), 546 (11.2), 
578 (14.8). After 5 minutes the plate was 
removed and was found to be coated with a 50 
solvent-resistant film of pencil hardness >4H. 
Solvent resistance was detennined by rubbbg 
the film with tissue soaked m acetone 20 
times and noting the visible effect if any, 
produced by this treatment. 55 

Example 2. 
0.3 g of 4,4'-dimemyl dimhenyl iodonium 
hydrogen sulphate was dissolved in a few ml 
of methanol and die 8ohsd<Hi was mixed into 
9.7 g of a urea/formaldehyde cesin-aO^d 60 
resin mixture comprising a mixture of 2 
parts of butylated urea/fonnaldefayde and 3 
parts of tall oil alkyd in a mixture of solvents 
(solids content 44% by weigjit), The mixture 
was painted onto a steel plate and allowed 65 
to stand for 10 minutes to allow the solvent 
to evaporate and then the painted plate was 
irradiated as described, .in Example 1 for 1 
minute. A solvent-resistant film of pencil 
hardness >4H was obtained. 70 

Eaamples 3 to 8. 
Tlttse examples iuustrate the use as pboto- 
sensitiser of iodonium salts of formula 



wherein the groups R and X are as shown 75 
m Table 1 below, employing die procedure 
described in Example 1. The amounts of the 
pbotosensitiser, acetone and resin employed 
are also given in Table 1, as also is the 
exposure time required to yield a solvent 80 
resistant fifan of pencil hardness >4R 
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TABLE I 



Ex. 

INO. 


Croup 

D 

rv 


Group 

Y 
w 


rllOtO 
sensitiser 


Acetone 


Resin 

VB' 


Exposure 
lime 

acq) 


3 


-Cl 


AsF,- 


0.2 


0,5 


CY179 (6.4) 


10 


4 ■ 


-OCH, 


AsF - 


0.2 


0.6 


CY179 (6.4) 


10 


5 


-CJ 


PF.- 


0.2 


0.6 


CY179 (6.4) 


20 


6 


-Cl 


AsF," 


0.2 


0.8 


UF/alkyd (7.8) 


20 


7 


-OCH, 


SbF,- 


0.2 


0.8 


28 (6.4) 


20 


• 8 


-CH, 


PP.- 


0.2 


0.8 


CY179 (6.4) 


20 



In Table 1:— CY179 denotes an epoxy resin available under the trade name "Araldite" 
CY179 epoxy resin from Ciba-Geiby. 

- UP/alkyd denotes the resin described in Example 2. 

— 828 denotes an epoxy resin available under the trade name "Epikote** 
(Registered Trade Nkrk) 828 epoxy resin. 



Examples 9 to 12. 

These examples Qlustrate the use as photo* employing the procedure described in Example 
sensitiser of 1 except dmt in Example 12 die source of 

radiadon was changed to a *Thom** (Regis- 
^ ^ tered Trade Mark) 400 w Bhie printing 

lamp. 
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TABLE 2 







Photo 






Exposme 


Ex. 


Group 


seasitisei 


Acetone 


Resin 


time 


No. 


X 


(8) 


(8) 


(g) 


(sees) 


9 


AsF,- 


0.2 


0.5 


CY179 (6.4) 


10 


10 


BF,- 


0.2 


0.8 


CY179 (6.8) 


90 


11 


AsF,- 


0.2 


0.6 


828 (6.4) 


20 


12 


AsF,- 


0.2 


0.6 


828 (6.4) 


180 



Example 13. radiation for 2 mintiteS) a solvent resistant 

02 g of 4-methoxy diphenyl iodonium film of pencil hardness >4H -had been 20 

nitrate dissolved in a few ml of medianoi was produced. ' . 
15 mixed into 9.8 g of the UF/alkyd resins 

mixture described in Example 2. The mixture WHAT WE CLAIM IS:— 

was applied to a steel plate and iitadiated as 1. A photopolymerisable composidon com- 

described in Exaipple 1. After espostue to the prising, at least one add-polymerisable or 
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add-cuxable matexial and as photosensittser 
at least one iodonitsn salt of fonnula 



r^^-o"" 1 



wherein n is 1 or 2, Rt and R^, whidi may 
5 be tbe same or different^ eadi is a hydrogen 
or halogen atom, a nitre grQup> a bydrocai&n 
or substituted hydrocarbon gnmp or a hetero* 
cyctic gnmp, and X*^ is an anion derived 
frmn an add which is capable of polymerising 
IQ or coring ibt add*polymeiisab!e or add* 
curable materiaL' 

2. A photopolymerisable compositton as 
claimed m claim 1 wherein the amount of 
the photosensitiser is firom 0*01% to 10% 

IS by weight based on the wd{^t of the add- 
polymerisable or add-curabte material. 

3. A photopolymerisable compoation as 
claimed in daun 3 wherein the amount of 
ibt photosensitiser is from 0.05% to 5% by 

20 wd^ based on the weight of ibt add- 
polymerisable or add-curaUe materiaL 

4. A photopofymerisable oompositioa as 
daimed in claim 3 wherein the amount of 
the photosensitiser is from 3% to 5% by 

25 wdgfat based on die .weight of the add- 
polymerisal^e or add-curaUe materiaL 

5. A photopolymerisable compoaitiQn as 
dahned m any one of die pceceding daims 
wherein die anion X"^ is a halogen-containing 

30 complex ion sdected from 004*^ and metal 
or non-metal faalogjenidea. 

6. A photopolymerisable coiiqx)sttion as 
daimed in diim 5 wherein die anion X^ 
is a polyhalide of boron, antimony^ diii phos- 

3S phorusy axscnic, bismudi or iron. 

7. A photopolymerisable compoaidon as 
daimed m any one of die prec^g daims 



wherdn the photosensitiser is soluble in the 
acid-polymerisable or add-cutable material. 

8. A photopolymerisable composition as 40 
daimed in any one of die preceding clauns 
wherein the add-curable material comprises 

an epoxy resm. 

9. A photopolymerisable composidon as 
daimed in any one of claims 1 to 7 wherein 45 
die add-polymerisable material is an actd- 
polymerisable monomer. 

10* A photopolymerisable composition sub- 
stantially as described herein with pardcular 
refoence to any one of Examples 1 to 13. 50 

11. A polymeric composition derived from 
a photopofymerisable composition as claimed 
in any one of daims 1 to 10 1^ mbjectoig 
the photopolymerisable oomposidoo to radia- 
tion of wavelengdi such as to acchate die SS 
photosensitiser and polymerise or core tbe 
composition. 

12. A polyzneric composition as claimed 
in daim 11 whidi is ui the form of a sur&a 
coating on a substrate. 60 

13. A process for the preparation of a 
pol]v[ieric composition whidi comprises sub- 
jecting a pho^polymerisable composition as 
claimei in any one of daims 1 to 10 to radia- 
tion of wavdength- such as to activate the 65 
photosoisitis^ and polymerise or cure the 
composition* 

14. A process as dahned m daim 13 
wherein the radiation comprises ultxa-violet 
radiation. 70 

15. A process as dahned in daun 13 or 14 
wherdn the wavdengdi of the zadiaddn is 
ia the range from 200 micrcms tn 600 micnms. 

16. A process as claimed m dahn 13 sub- 
stantially as described herein widi particular 75 
reference to any of the Examples^ 

A. OLDROYD, 
Agent for the Applicants. 
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